Introduction-Hypertension and diabetes, both independent risk factors for cardiovascular disease, often coexist. The hypertension-increased medical expenditures by diabetes status is unclear, however. This study estimated annual total medical expenditures in U.S. adults by hypertension and diabetes status.
Introduction
In 2013-2014 the overall prevalence of hypertension among American adults aged ≥18 years was 29.3% (75.2 million people). 1, 2 From 1980 to 2014, the number of people in the U.S. civilian, non-institutionalized population with diagnosed diabetes more than tripled, from 5.5 million to 21.9 million, and the rate of diagnosed diabetes increased among people of all age groups. 3, 4 Both hypertension and diabetes are serious health problems requiring timely medical treatment, and they are also major risk factors for cardiovascular disease (CVD), the leading cause of death in the U.S. 5 In addition, many studies have demonstrated the tremendous economic burden associated with hypertension, diabetes, and CVD. [6] [7] [8] [9] [10] [11] [12] [13] The health and economic burdens associated with hypertension, diabetes, and CVD suggest a pressing need to develop effective public health strategies to prevent and control these common health conditions. Hypertension and diabetes often coexist. [14] [15] [16] [17] [18] [19] [20] For example, the prevalence of hypertension among people with diabetes has been estimated at more than 70%, 20 and the 2013-2014 Medical Expenditure Survey (MEPS) in the U.S. showed that this prevalence could be as high as 78%. The coexistence of hypertension and diabetes can markedly increase further an affected person's risk of CVD, 19 and thus comprehensive interventions, such as the use of various strategies to control hypertension among patients with diabetes are needed for dealing with these costly health conditions. Information on economic costs by hypertension and diabetes status should be useful in evaluating intervention programs.
The influence of hypertension on total medical expenditures by diabetes status is unclear, even though some studies have used hypertension as a risk factor for the economic burden of diabetes. [9] [10] [11] [12] [13] To the authors' knowledge, studies have not compared hypertension-induced medical expenditures between populations with and without diabetes. The present study estimates hypertension-increased expenditures by type of medical service (inpatient, outpatient, prescription medications, emergency room, and other medical services) and payment source (Medicare, Medicaid, private insurance, out of pocket, other public programs, and other sources) for adults with and without diabetes in the U.S.
Methods

Study Sample
identified 40,746 adult men and non-pregnant women aged ≥18 years for the analyses (excluded pregnant women, n=1,297). Detailed descriptions of the MEPS survey design, sample design, and methods used to minimize sources of non-sampling errors have been published elsewhere. 21, 22 The MEPS has been used extensively for research on various health economics topics, including the economic burden of hypertension, diabetes, and CVD. 6, 9, [23] [24] [25] [26] [27] [28] [29] [30] Information on medical expenditures was obtained from household interviews, with the data obtained subsequently confirmed through physician's offices, hospitals, and records of insurance coverage based on actual payment. Expenditures were categorized into five service types: inpatient, outpatient, emergency room visit, prescription medications, and other medical services, such as medical equipment for home health care and other miscellaneous items or services. By payment sources, the expenditures were grouped into Medicare, out of pocket, private insurance, Medicaid, and other sources such as Veterans Administration, other public and unclassified sources. All expenditures of 2013 were adjusted to 2014 U.S. dollars using the gross domestic product deflator. 31 In addition to the detailed information on expenditures by service types and payment sources, the MEPS contained a variety of socioeconomic variables and health risk factors that can be controlled for in regression analysis (Appendix Table 1 , available online).
Measures
Hypertension was defined as ever having been diagnosed as having high blood pressure other than during pregnancy. Diabetes was defined as ever having been diagnosed with diabetes excluding gestational diabetes. With the MEPS, there are two ways to identify certain health conditions, such as hypertension and diabetes. One uses the full-year consolidated files to identify persons who ever had a health condition, and another uses ICD-9 diagnosis codes in the medical condition files to identify persons who used any medical services related to that condition during the survey period. The first method was used to define hypertension and diabetes to be consistent with those used in the literature. 4, 26, 29, 30 
Statistical Analysis
The authors compared medical expenditures between hypertensive and normotensive adults for the total, diabetes, and non-diabetes populations separately. Because of the nature of the MEPS medical expenditure data (e.g., zero expenditures for some respondents and skewness), a two-part econometric model and generalized linear model (GLM) were employed for estimating the medical expenditures associated with hypertension for the three study samples (total, with diabetes, no diabetes). These approaches have frequently been used by researchers in studying information on medical costs. 23, 26, 29 For the situation with a significant number of zero expenditures, the authors used a two-part model consisting of a logit model to estimate the probability of an individual having had any medical expenditures and a GLM for the individuals with positive medical expenditures with a log link to estimate the amount of medical expenditure associated with hypertension. Finally, based on the twopart regression results, hypertension-increased expenditure for the total, diabetes, and nodiabetes populations were derived separately. For those with a small number of zero medical expenditures, GLM with a log link and gamma distribution was used for estimating hypertension-increased medical expenditures. Specifically, the regression results were used to predict the mean annual expenditures for people with hypertension and those without. For each individual the expenditure was predicted twice, once by assuming this person had hypertension and another by assuming this person had normal blood pressure. The difference between the two predicted annual mean expenditures was the hypertensionincreased expenditure. That is, the hypertension-increased expenditure is calculated as the incremental expenditure comparing people with hypertension and those without, rather than as hypertension treatment expenditures. For each study sample (total, with diabetes, no diabetes), the authors ran the same two-part model or GLM to estimate hypertensionincreased expenditures by five service types and five payment sources, respectively. There was no further subpopulation analysis.
The regression analyses included age, sex, race/ethnicity, marital status, education, geographic region, family income, insurance status, smoking status, body weight, and perceived general health status as the main control variables. For analyzing medical expenditures, some major comorbidities or a comorbidity index, such as the Charlson comorbidity index, should be controlled. However, hypertension is a health condition as well as an independent risk factor for many chronic diseases, including heart disease and stroke. Controlling major comorbidities or Charlson comorbidity index will potentially underestimate the expenditure that is associated with hypertension. 23, 26 The authors believe that for this analysis on the general population including smoking, body weight, and selfreported health status are sufficient for estimating the total medical expenditures. Data were analyzed in 2017, and Stata, version 14, was used for all the analyses.
Results
The prevalence of hypertension was 34.9% in the general population, 78.3% for persons with diabetes, and 30.1% for people without diabetes (Table 1) . Prevalence increased sharply with age in all three groups, with a particularly high prevalence (all above 54%) seen in the diabetes population even in the youngest age group (18-44 years). Overall, prevalence was slightly higher for men than for women. By race/ethnicity, non-Hispanic blacks had the highest prevalence, reaching 83.5% for blacks with diabetes. People with obesity had a much higher prevalence of hypertension than people of normal weight, at 82.5% for people with obesity and diabetes.
The mean unadjusted annual medical expenditure for the general population was $5,225 (SE=102), and hypertensive persons had more than twice the expenditure of normotensives ($8,854 [SE=210] vs $3,276 [SE=93]; Table 2 ). In the diabetes population, the estimate for those with hypertension was $13,929 (SE=541). In general, expenditures increased sharply with age, but even at a young age (18-44 years) they were high for people with both diabetes and hypertension ($9,943 [SE=1,317]). Medical expenditures were higher for men than for women for people with diabetes, but higher for women than men for those without diabetes. Overall, non-Hispanic whites and blacks had higher expenditures than Hispanics, and such differences were seen throughout the populations without diabetes and in most cases in the population with that disorder. The patterns of higher expenditures for hypertensive versus normotensive persons were for the most part similar across various population groups as well as across service types and payment sources, and the majority of the differences were statistically significant.
The mean adjusted annual medical expenditure associated with hypertension was estimated at $2,565 for the overall study sample, $4,434 for the population with diabetes, and $2,276 for those without diabetes (all p<0.001). By service type, in the overall study population, the hypertension-increased expenditure was highest for inpatient care ($767), followed by prescription medication ($758) and outpatient services ($595, all p<0.001 vs those who were normotensive; Table 3 ). In the population with diabetes, the hypertension-increased expenditure was highest for inpatient care ($1,730), followed by medication ($1,272) and outpatient services ($926, all p<0.001). In the population without diabetes, the hypertensionincreased expenditure was highest for prescription medication ($687), followed by outpatient services ($565) and inpatient care ($468, all p<0.001).
By payment source, for the total population, hypertension-increased expenditure was paid most often by the Medicare program ($1,159), followed by private insurance ($736) and other sources ($254, all p<0.001 vs those who were normotensive; Table 3 ). Increased
Medicare payment again ranked first for the population with diabetes ($2,753), followed by private insurance ($1,346) and out of pocket ($395, all p<0.001). For the population without diabetes, the hypertension-increased expenditures paid by private insurance were $716, followed by Medicare ($669) and Medicaid ($312). It is worth noting that for the population without diabetes, although private insurance payment ranked first, at $716, Medicare payment was also high, accounting for nearly one third of the total expenditures ($669 of $2,276).
Discussion
These results confirmed that hypertension is a high-prevalence condition in the U.S. About one third of U.S. adults had this condition in 2013-2014, similar to the rate of 32.2% from the 2007 MEPS. 26 And these results further suggest an alarmingly high prevalence of hypertension in the diabetes population of 78%. The latter figure is consistent with the findings from a report on the economic costs of diabetes in the U.S. 20 The coexistence of hypertension and diabetes presents a formidable public health challenge that underscores the need for developing comprehensive intervention programs focusing on both health conditions. For adults with diabetes, aggressive treatment of hypertension is recommended. 32 Clearly, hypertension prevention should be a public health priority, especially among people with diabetes.
The current results for medical expenditure by hypertension and diabetes status provide much needed information that indicates the great economic burden associated with these health conditions. Based on the national weighted number of persons with diabetes and hypertension (16.16 million) and this study's estimated mean annual hypertension-increased medical expenditures of $4,434, the national burden of hypertension among people with diabetes was estimated at $71.6 billion in 2013-2014. Similarly, the national burden of hypertension among people without diabetes was estimated at $126.7 billion. Thus, the total national burden of hypertension could be as high as $198.3 billion in 2014 U.S. dollars. Although not directly comparable, high medical expenditures associated with hypertension have been reported in the literature. Using 1998 MEPS data, Graden 30 estimated the total direct medical expenditures for people with self-reported hypertension at $173 billion. Another study using a variety of data sets reported healthcare spending attributable to hypertension at $108.8 billion in 1998. 33 Hypertension-associated medical expenditures were substantial and higher in persons with diabetes than those without. By type of medical service utilization, the population with diabetes incurred much higher spending for inpatient services and prescription medications than for outpatient services, contrasting sharply with the population without diabetes, where the costs of prescription medication were the highest at $687, but close with the costs of outpatient and inpatient services in size ($565 and $468). More important, the estimate for inpatient care for those with diabetes ($1,730) was 3.7 times as high as it was for the population without diabetes ($468).
These findings have implications for the development of interventions and program evaluations. For example, focusing on investigating the use of inpatient services and prescription medications is the key to controlling the medical expenditures of the population with diabetes, whereas for the population without diabetes, prescription medication and outpatient services should be the focal point for controlling medical expenditures. For both populations with and without diabetes, hypertension-increased expenditures are mainly because of medications. The literature has shown that prescription medications accounted for 430% of the total medical expenditures in diabetes and 25% in non-diabetes populations. 29 Furthermore, expenditures on medications increased by more than three times from 1987 to 2011 in persons with diabetes. The substantial hypertension-associated expenditures overall and in prescription medications, plus the high prevalence of hypertension, imply that hypertension imposes a large financial burden on the healthcare system and further underscores the need for hypertension prevention.
By source of payment, this study found that Medicare was the most important source, especially for the population with diabetes, higher than any other payment sources for hypertension-increased medical expenditures. This finding suggests the need to manage hypertension better among the population with diabetes, as doing so would appear to have great potential for alleviating the economic burden on public insurance programs. Programs for improving the quality of care, such as incorporating hypertension management in the care of the population with diabetes and aggressive hypertension treatment among diabetes populations, might be viable economically. 32, 34 Several strengths of this study are worth noting. First, data are from the most recent comprehensive national survey, MEPS, which not only provides nationally representative information regarding the patterns of healthcare utilization in the U.S. but also yields highquality data on medical expenditures. The medical expenditures were based on payments rather than charges and were obtained by face-to-face interviews and confirmed by healthcare providers and insurance plans. Having high-quality expenditure data and a large, nationally representative sample were critical in developing scientifically sound estimates of hypertension-increased medical expenditures. Second, a two-part econometric model was used, which was plausible for analyzing medical expenditures developed using a survey of the general population, where there are many people who incur no medical expenditures at all in a given year and where such data are often skewed. Additionally, the MEPS contained various demographic and socioeconomic variables that were used as controls in the regression models.
Third, the authors not only analyzed hypertension-associated medical expenditures by diabetes status but also investigated expenditures by types of medical service. These explorations provided detailed information on expenditures by hypertension and diabetes status. These detailed presentations of expenditures should be useful in developing various interventions for managing hypertension and diabetes among various targeted populations. Finally, the use of five payment sources enabled the authors to derive the burden for public programs, such as Medicare and Medicaid. This study found that Medicare ranked first for hypertension-increased medical expenditures among the population with diabetes.
Limitations
Its considerable strengths notwithstanding, two limitations associated with this study should be considered when interpreting these results. First, although the MEPS is the largest nationally representative survey in the U.S. monitoring national health status, healthcare utilization, and medical spending, the survey population was limited to non-institutionalized, civilian men and women. Because rates of both hypertension and diabetes are closely related with aging, and aging populations are more likely to reside in nursing homes or other institutions that the MEPS does not cover, these estimates should be interpreted as conservative. Second, although the MEPS has been a panel survey since 1996 and the 2013 and 2014 MEPS data were pooled for this analysis, the nature of the survey and analytic sample still allow only a cross-sectional analysis. Thus, no causal relationship should be assumed.
Conclusions
The authors succeeded in conducting a comprehensive analysis of hypertension-increased medical expenditures by employing an advanced econometric modeling technique using a large nationally representative survey. The results indicate that hypertension increases medical expenditures substantially, especially among the diabetes population. This study found that in the general population the increased expenditure was similar for the use of inpatient services, prescription medication, and outpatient services, but in the population with diabetes the use of inpatient services and prescription medication ranked first and second and sizably higher than for any other particular service type. A large proportion of the higher expenditure due to hypertension was financed by Medicare programs, again particularly in the population with diabetes. These findings suggest that interventions to reduce the impact of hypertension in the population with diabetes may be economically viable because they can potentially control medical expenditures, especially alleviating the burden on Medicare programs. 
